Music is arguably one of the most potent rewards, existing in all cultures as far back as history dates, and currently reported to be among the most pleasurable stimuli by most individuals. In this review, we summarize the literature to investigate how a mere sequence of sound events can become so pleasurable. We examine the role of the brain's mesolimbic reward and reinforcement circuitry in processing of rewards, and how the connectivity of this system has become more integrated with higher-order brain regions involved in complex thought to give rise to abstract pleasures. We suggest an integrative role for complex cortical processes with long-existing reinforcement circuits and an interaction between sensory processing and decoding mechanisms and affective processing.
Some things can be intensely pleasurable for humans. These "rewarding" experiences can occupy our thoughts, induce cravings, shape desires, and ultimately motivate our actions. For this reason, psychologists and other scientists interested in understanding human behavior and the underlying influences that shape our decisions have taken a keen interest in better understanding rewarding processes. Conceptually, the term "reward" can have distinct implications for different types of scientists. However, the general consensus is that it refers to the hedonic and pleasurable qualities of a stimulus and that it is often operationalized as the reinforcing qualities of a stimulus or behavior (see Wise, 2002 for a review).
The Brain's Reward/Reinforcement Systems
Although there exist many different types of rewards, among the most fundamental seem to be those relating to food and sex (Cannon & Bseikri, 2004) . This is perhaps not a coincidence, as both are biologically relevant and necessary for survival and propagation of the species. It has been widely demonstrated that these stimuli gain their reinforcing quality via the mesolimbic dopamine system in the brain (see Figure 1 ; Cannon & Bseikri, 2004; Egerton et al., 2009; Leyton, 2010; Wise, 2002) , which are circuits that we share with other animals. This system was first discovered serendipitously 1954 when James Olds and Peter Milner recognized the persistence with which a rat would press a lever that resulted in electrical stimulation of mesolimbic areas of the brain (Olds & Milner, 1954) . Subsequent studies demonstrated that rats would forgo all typically rewarding activities, even to the point of starvation, for stimulation of these regions (Fibiger & Phillips, 1979; Olds, 1956; Routtenberg & Lindy, 1965; Wise, 1978) . The specific regions involved in this form of self-stimulation include a circuitous pathway, involving a descending medial forebrain and an ascending mesolimbic dopamine pathway (Bozarth, 1987; Wise & Bozarth, 1984) . Whereas these studies were based on the principles of operant conditioning to assume "rewarding" responses in animal studies, other studies with humans have also provided evidence that comparable electrical brain stimulation (Heath, 1964) and chemical stimulation (Drevets et al., 2001; Laruelle et al., 1995; Martinez et al., 2003; Volkow et al., 1999) in these regions is associated with profoundly pleasurable effects.
Basic Rewards
In rodents and other animals, mesolimbic dopaminergic systems are thought to reinforce basic adaptive behaviors (Melis & Argiolas, 1995; Smith, 1995) . For example rodents have been shown to release dopamine in response to food (Carr, 2002; Hernandez & Hoebel, 1988a , 1988b Kiyatkin & Gratton, 1994) and sex (Damsma, Pfaus, Wenkstern, Phillips, & Fibiger, 1992; López & Ettenberg, 2002; Pfaus, Damsma, Wenkstern, & Fibiger, 1995) . However, in more phylogenetically advanced animals the connectivity of these circuits becomes more integrated with higher-order cortical brain regions (see Figure 2 ; Haber, Kim, Mailly, & Calzavara, 2006; Haber & Knutson, 2010) . These regions include the highly evolved prefrontal cortical areas that underlie advanced thinking and reasoning, abstraction, integration of mental processes with emotional responses, and integration of past and present to create expectations and anticipation (Stuss & Knight, 2002) . This anatomical connectivity allows for a pathway whereby organisms may find more complex stimuli reinforcing. For example, humans uniquely obtain pleasure from certain abstract stimuli that do not seem to have a clear survival value, such as music, art, and poetry. These can be considered aesthetic rewards because the pleasurable response to them is related to the individual's interpretation and cultural background, and because they seem to involve some forms of higher-order cognitive analysis. In support of this concept, a number of studies have demonstrated involvement of the most advanced regions of the brain, namely the prefrontal cortex, when humans process aesthetic stimuli (Cela-Conde et al., 2004; Jacobsen, Schubotz, Hofel, & von Cramon, 2006; Kawabata & Zeki, 2004; Vartanian & Goel, 2004) . In this article, we review the evidence suggesting that humans appreciate aesthetics because they have the cognitive architecture linking abstract thought and complex analysis to the reward regions of the brain, allowing them to understand the nuances and nontangible pleasures of such complex and abstract rewards. To examine this hypothesis, we can begin by investigating the neural correlates that underlie processing of aesthetic stimuli.
Aesthetic Rewards
With the relatively recent emergence of the field of neuroaesthetics, researchers are examining brain responses to various forms of art to better understand what constitutes aesthetic processes. For example, neuroimaging studies have been conducted with paintings (Kawabata & Zeki, 2004; Vartanian & Goel, 2004) , photographs (Cela-Conde et al., 2004) , geometrical shapes (Jacobsen et al., 2006) , beautiful faces (Winston, O'Doherty, Kilner, Perrett, & Dolan, 2007) , desirable cultural objects (Erk, Spitzer, Wunderlich, Galley, & Walter, 2002) , and music (Koelsch, 2011; Zald & Zatorre, 2011) . A number of cortical and subcortical regions appear to stand out as important for making aesthetic evaluations, regardless of the modality in which the stimulus is presented. Subcortical regions that show patterns of activity in response to aesthetic artworks include various regions of the limbic system (Blood & Zatorre, 2001; Blood, Zatorre, Bermudez, & Evans, 1999; Koelsch, Fritz, Cramon, Muller, & Friederici, 2006; Vartanian & Goel, 2004) , including the amygdala, hippocampus, and hypothalamus, as well as parts of the paralimibic or extended limbic system (Blood & Zatorre, 2001; Jacobsen et al., 2006; Koelsch et al., 2006; Vartanian & Goel, 2004) , including the insula and anterior cingulate cortex. These regions have typically been implicated in inducing or experiencing emotional arousal (Bechara & Damasio, 2005; Critchley, 2005) . Figure 1 . Dopaminergic pathways in the human brain. This simplified figure outlines the main dopaminergic pathways, which originate from dopamine-rich cells of the midbrain. The nigrostriatal (or mesostriatal) pathway originates in the substantia nigra pars compacta and extends to the dorsal striatum, including the caudate and putamen. Another set of dopaminergic neurons arise from the ventral tegmental area (VTA) in the midbrain, and extend out to the ventral striatum (shown) and parts of the limbic system such as the olfactory bulb, amygdala, and the hippocampus (not shown) in the mesolimbic pathways, and further out to the prefrontal cortex and other regions of the cerebral cortex (not shown) in the mesocortical pathways (Haber et al., 2006; Nestler, Hyman, & Malenka, 2009) . See color version of figure in the online supplemental materials. Figure 2 . Dopaminergic and glutaminergic pathways of the mesocorticolimbic system. A, This highly schematic figure demonstrates the dopaminergic outputs of the VTA that extend to the NAcc, amygdala, and hippocampus as a part of the mesolimbic system and to the prefrontal cortex as a part of the mesocortical system. Importantly, there is glutaminergic feedback within the system, particularly from the amygdala, hippocampus, and parts of the prefrontal cortex, such as the ventromedial and orbitofrontal cortices and the dorsal anterior cingulate cortex to the NAcc. B, Additional details about connectivity of the prefrontal cortex, the dorsal and ventral striatum, the thalamus, and hypothalamus are simplified in this image (Haber and Knutson, 2010) . DLPFC ϭ dorsolateral prefrontal cortex; dACC ϭ dorsal anterior cingulate cortex; VMPFC ϭ ventromedial prefrontal cortex; OFC ϭ orbitofrontal cortex; Thal ϭ thalamus; DS ϭ dorsal striatum; VS ϭ ventral striatum; Hypo ϭ hypothalamus. See color version of figure in the online supplemental materials. Importantly, activity is often found in the mesolimbic reward regions of the brain as well. These include the dorsal and ventral striatum. The ventral striatum includes the nucleus accumbens (NAcc), which has traditionally been implicated as a major site for dopamine release from the ventral tegmental area (VTA; see Figure  1 ), with intricate links to the limbic system, particularly the amygdala, hippocampus, and hypothalamus (see Figure 2 ; Haber & Knutson, 2010) . The dorsal striatum includes the caudate nucleus, with inputs from the substantia nigra (see Figure 1 ), believed to be more involved in movement, learning, and seeking behaviors (Haber & Knutson, 2010) . Both the dorsal and the ventral striatum are believed to play an important role in initiating and experiencing rewarding behaviors. Finally, a number of cortical regions are also involved in processing and appreciating aesthetic stimuli. The most common of these regions appear to be parts of the frontal cortex, including the orbitofrontal cortex (OFC) and ventromedial prefrontal cortex (VMPFC; Blood & Zatorre, 2001; Blood et al., 1999; Brown, Gao, Tisdelle, Eickhoff, & Liotti, 2011; Kawabata & Zeki, 2004; Trost, Ethofer, Zentner, & Vuilleumier, 2011) . These regions have typically been associated with integrating information from various regions of the brain to assign value to potentially rewarding stimuli (i.e., "valuation"; Chib, Rangel, Shimojo, & O'Doherty, 2009; Kringelbach, 2005; O'Doherty, 2004; Wallis, 2007) . Whereas other subcortical regions, such as the amygdala and NAcc are also involved in assessing the reward value of stimuli, these cortical regions are believe to perform this task on a more cognitive level, perhaps integrating cortically stored information into the decision-making process (Murray & Wise, 2010) . Tracer injection studies (reviewed in Haber & Knutson, 2010) that provide information about structural and functional connectivity reveal three patterns that are relevant to understanding the valuation process: (1) the OFC and VMPFC (along with the dorsal portion of the anterior cingulate cortex; ACC) constitute the main cortical input to the NAcc; (2) the amygdala has direct input to all three regions OFC, VMPFC, and NAcc; and (3) the NAcc projects to the nucleus basalis in the basal forebrain, which in turn projects to the cerebral cortex and the amygdala, providing a mechanism through which NAcc activity can impact these regions. These connectivity patterns suggest that these areas are likely to be working in concert to give rise to the emotional, cognitive, and rewarding experiences associated with processing aesthetic stimuli.
The Pleasurable Aspects of Music
An aesthetic stimulus that has been extensively studied is music. Music is ubiquitous in human society and has been around in every culture for at least as long as history has been recorded (Wallin, Merker, & Brown, 2000) . It is likely that some form of music has existed long before that, as anthropologists continue to discover older remnants of various musical instruments. Currently, the oldest musical instruments discovered are flutes made of vulture bones and mammoth ivory vulture bones, found in a cave in southern Germany, carbon dated to be around 42,000 years old (Higham et al., 2012) . A second relevant point is that music was not created in one place and passed on, but appears to have developed independently in each culture (Wallin et al., 2000) , suggesting that it may be innate to some form of human behavior. Yet if music does not have a clear and direct survival value (Darwin, 1871) , why has it been ubiquitous throughout history and how has it lasted this long? What has made music so reinforcing for humans? In this review, we describe a series of experiments set out to investigate why music is considered so rewarding from a neurobiological perspective.
Music and Emotion
Music is merely a sequence of tones arranged over time. Each of these sound events in isolation may not be considered particularly rewarding; yet somehow their temporal dynamics can induce some of the most intensely pleasurable responses known to man, creating "highs" that have been famously described as similar to those of powerfully addictive drugs. How can the temporal arrangement of otherwise neutral sound events lead to such a potent response?
When individuals are asked why they listen to music, responses range from changing a mood to matching a mood, relaxing, feeling nostalgic, getting cheered up or energized (Behne, 1997; Juslin & Laukka, 2004; Sloboda & O'Neill, 2001; Zillman & Gan, 1997) . What all the responses seem to have in common is that emotions of the listener are somehow being influenced. Indeed, the most prominent researchers in the field of music and psychology have linked music and emotion (e.g., Gabrielsson, 2001; Grewe, Nagel, Kopiez, & Altenmuller, 2007a; Huron, 2006; Juslin & Sloboda, 2010; Juslin & Vastfall, 2008; Koelsch, 2010; Koelsch, Fritz, & Schlaug, 2008; Konecni, 2005; Krumhansl, 1997; Lerdahl & Jackenodoff, 1977; Meyer, 1956; Panksepp & Bernatzky, 2002; Peretz, Gagnon, & Bouchard, 1998; Sloboda, 1992; Zald & Zatorre, 2011; Zentner, Grandjean, & Scherer, 2008) .
The idea that music enhances emotions has been around for centuries. Music is richly integrated with human culture and has played an important role in social gatherings, ranging from weddings to funerals to tribal ceremonies, among others. There is little doubt that music plays a role in sharing and uniting emotional responses in social groups, parts of which may overlap with music's well-established role in movement and dance (Wallin et al., 2000; Zatorre, Chen, & Penhune, 2007) . Although there are a number of factors that may give rise to emotional responses to music (Juslin & Vastfall, 2008) , this review will focus largely on one factor which has gained significant interest since Leonard Meyer's systematic studies of music and emotion presented in Emotion and Meaning in Music (1956 ). Meyer's theory states that emotional responses to music depend on temporal expectancies involved in processing of sequential information over time and the violation of expectancies in music. This is of particular interest as it suggests that complex mechanisms that are uniquely human may be involved in this form of processing, and an exploration of these issues can aid in our understanding how temporal pattern recognition can lead to abstract forms of pleasure and reward for humans. We will return to these ideas later in the review. It is sufficient to say that these ideas generated a surge of systematic research on music and emotion (for reviews, see Gabrielsson, 2001; Hodges, 2010; Huron, 2006; Juslin & Sloboda, 2010; Juslin & Vastfall, 2008; Koelsch, 2010 Koelsch, , 2012 Sloboda, 1992; Vuust & Frith, 2008; Zald & Zatorre, 2011) .
The ability and desire to feel emotions may be considered a fundamental quality that makes us human. Emotions are defined by having a valence and an arousal component (Russell, 1980) . Positively valenced emotions are generally most sought after, because negative emotions are typically preceded or followed by negative consequences (e.g., sadness or fear, respectively). However, it appears that humans may nonetheless desire to experience these negatively valenced emotions when the consequences do not impact them directly, as evidenced by the popularity of sad or scary films or music. Perhaps it is the intensity of the emotional arousal that we crave. Furthermore, some emotions experienced to music are more complex, such nostalgia, which is generally considered pleasurable although it combines elements of dysphoria (Barrett et al., 2010) . It therefore follows that emotional valence of music is not specific enough to assess rewarding responses, as both positively and negatively valenced (e.g., "happy" and "sad") pieces of music can be considered pleasurable. The "arousal" dimension of emotion in response to music, or the intensity by which emotions are felt may be a better indicator of pleasurable responses (Rickard, 2004) . It should also be noted that more intricate models have been proposed to account for the complexity of emotions experienced in response to music. A recent example is that of Zentner and colleagues, who report a nine-factor model based on confirmatory factor analysis of mood ratings, which include Joy, Sadness, Tension, Wonder, Peaceful, Transcendence, Tenderness, Nostalgia, and Power (Zentner et al., 2008) , demonstrating the richness of emotions that may be experienced in response to music.
Assessment of emotion in response to music is challenging because emotional arousal is a subjective experience and difficult to compare across individuals. For example, one subject's response to how emotional they feel on a scale of 1 to 10 may not be comparable with another's. One reliable method of assessing emotional arousal is to objectively target the source and assess autonomic nervous system (ANS) activity. The ANS is responsible for controlling the body's automated and physiological functions and arousal via two branches: the sympathetic and parasympathetic nervous system. The sympathetic nervous system involves physiological functions that prepare an organism for "fight or flight," such as increased electrodermal skin response, heart rate, respiration, and blood flow to the body core as well as corresponding decrease in blood volume and temperature in the extremities (Bloom, Lazerson, & Hofstadter, 1985; LeDoux, 1986) . These changes can be measured directly on a millisecond basis, providing objective cues for assessing emotional arousal (Bechara & Damasio, 2005; Bradley & Lang, 2000; Cacioppo, Tassinary, & Berntson, 2007) . Early published studies of psychophysiological changes in response to music date back to the 19th century when Warthin reported changes in heart rate when hypnotized patients listened to music (Warthin, 1894) . Since then, the literature has expanded considerably. It is important to know that the type of emotion experienced is extremely difficult to assess via such measures, as many different emotions will have similar arousal profiles. For example, extreme anger or extreme happiness are very different emotions, yet they both involve increases in heart rate, respiration, electrodermal response, and other indicators of increased SNS function. To illustrate this, one study found increases in skin conductance in response to both "joyful" (Jupiter from the Planets, by Holst) and "horrific" (Threnody for the Victims of Hiroshima, by Penderecki) among college students (Vanderark & Ely, 1992 . As such, distinguishing among different valences using psychophysiological measures alone has been challenging as a result of the interaction with arousal (Krumhansl, 1997) . However, assessment of the intensity of emotional experiences with measures of psychophysiological arousal has been more successful (Rickard, 2004 ).
An important consideration to take into account when designing music studies is that music can have different effects on different people. Despite more than a hundred studies examining psychophysiology changes in response to music (Hodges, 2010) , relatively few studies have accounted for individual preferences while examining the link between ANS arousal and music listening. That is, many researchers use experimenter-selected music, under the assumption that all participants will have the same experience in response to the music. For example, whereas some studies have found that "stimulant" music causes changes in heart rate, respiration, electrodermal skin response, and blood pressure (see Hodges, 2010 for a review), others have found the same ANS effects with "sedative" music (Ellis & Brighouse, 1952; Krumhansl, 1997; Rickard, 2004; Shatin, 1957; Weld, 1912) . These findings suggest that the "sedative" music may have been arousing for some individuals. To further illustrate this, in one study we found that while many participants rated Samuel Barber's Adagio for Strings as a calming, "neutral," or "boring" piece of music, a number of people showed strong ANS arousal to the excerpt and rated it high on emotional arousal (Salimpoor, Benovoy, Longo, Cooperstock, & Zatorre, 2009 ). These inconsistencies make it difficult to draw conclusions about whether certain types of music reliably induce a pattern of psychophysiological responses in all individuals, and outline the importance of considering a top-down approach in studies using musical stimuli. There is evidence that on average, certain features such as tempo or loudness are associated with arousal and other such as consonance are associated with valence (Gomez & Danuser, 2007; Hodges, 2010) . However, the complexities of topdown interaction with auditory input suggest that individual differences should be taken into account.
A second related issue to consider is the extent of emotional arousal that is induced in a laboratory setting. Rickard (1994) argues that to see clear differences in psychophysiological responses, musical selections that induce intense emotional responses must be used, rather than music that induces more mild pleasurable states. When experimenter-selected musical selections are used for experimentation, it is likely that they could result in only mild pleasurable states because music preferences are highly individualized. For example, Rickard (1994) asked participants to select their own "emotionally powerful" music and found wide diversity among the selections, ranging from dance music to opera, and a range of tempi, forms, and complexities. This study found that electrodermal changes were most extreme to self-selected musical pieces, compared with experimenterselected "arousing" and "relaxing" music. Additionally, other studies found that when participants listen to other individuals' emotionally powerful music, they do not show the same responses as the individual who selected the music (Blood & Zatorre, 2001; Panksepp, 1995; Salimpoor et al., 2009 ). These studies provide empirical evidence that emotional arousal to music is a highly individualized response and may depend on factors such as previous experience with music, personality differences, and cultural influences (Gabrielsson, 2001; Grewe, Nagel, Kopiez, & Altenmuller, 2007b; Rentfrow & Gosling, 2003; Schäfer, Tipandjan, & Sedimeier, 2012; Tervaniemi, Tupala, & Brattico, 2012; Thaut & Davis, 1993) . A good example of cultural differences in appreciating different types of music comes from the contrast between Panksepp et al. (1995) and Grewe et al.'s (2007b) studies, where American students demonstrated highly emotional responses to a pop song popular in the United States in the 1980s ("Making Love out of Nothing at All") in Panksepp et al.'s study, while the German students in Grewe et al.'s study not being familiar with this music did not show such responses. Therefore, although generally speaking some "bottom-up" features inherent in the music are likely to induce specific responses for many individuals, the response of the individual will ultimately depend on an interaction of "top-down" processes based the factors outlined above and the specific features in the music.
In addition to differences in the types of music that induce emotional responses for different individuals, there is also some variability in the likelihood that individuals will experience intense emotion. This is thought to rely partly on personality differences (Kopacz, 2005; Vuoskoski & Eerola, 2011) and sensitivity to reward (Mas-Herrero, Marco-Pallares, Lorenzo-Seva, Zatorre, & Rodriguez-Fornells, in press ). For example, some studies have found that individuals who experience more intense emotions are those who score high on the personality dimension Neuroticism (Barrett et al., 2010; Chamorro-Premuzic & Furnham, 2007) and Openness on the Big Five Inventory (Nusbaum & Silvia, 2010) . The combination of personality factors, sociocultural influences, and individual needs creates complex interactions that must be taken into consideration when examining why and how people listen to and appreciate music.
To assess intense emotional responses, a number of studies have taken advantage of the observable physiological responses that individuals display in response to highly emotion-producing music, such as tears, laughter, or "chills" (Gabrielsson, 2001; Sloboda, 1991) . Musical "chills," also known as "goosebumps," "frissons," or "shivers-down-the-spine," has been a particularly well-studied physiological manifestation of emotional responses to music (Blood & Zatorre, 2001; Grewe, Nagel, Kopiez, & Altenmuller, 2005; Panksepp, 1995; Rickard, 2004; Salimpoor et al., 2009) . In 1980, Goldstein observed that this physiological experience to music was experienced by approximately half of the individuals surveyed. Other studies have found even higher prevalences (Panksepp, 1995) . Importantly, Goldstein found that the chills response diminished in some individuals by injection of a pharmacological substance that blocks opiate receptors in the brain (naloxone), suggesting that neurotransmitters that bind to opiate receptors in the brain (e.g., endorphins; A. Goldstein, 1976) , may be somehow involved in this process. This was a small effect, demonstrated only in 3 of 10 individuals who experienced chills, but nonetheless suggested that an emotional response involving the ANS might be mediated by neurotransmitters involved in pleasurable responses (A. Goldstein, 1976; A. Goldstein, 1980) .
The Link Between Emotion and Pleasure: Behavioral Studies
To determine whether there is a direct link between emotional arousal and pleasurable responses to music, we asked participants to rate their experience of pleasure continuously while they were listening to self-selected music and assessed increases in subjectively reported pleasure and emotional arousal, measured objectively through ANS activity (Salimpoor et al., 2009) . The results revealed a robust positive correlation between increases in selfreported pleasure and increases in ANS activity. To ensure that physiological changes were not simply a result of psychoacoustical parameters, we implemented a control procedure where another participant who did not find that particular piece of music pleasurable (i.e., found it "neutral"), also listened to that excerpt and rated their pleasure responses (also see Blood & Zatorre, 2001 ). There were no significant changes detected in the psychophysiological responses of participants who did not find the pieces pleasurable during the same epochs where ANS changes were observed with participants who did find the music pleasurable. This confirmed the hypothesis that psychophysiological changes were over and above that which may have been more generally related to acoustical changes in the music. Furthermore, the results of this study provided direct evidence for the long-standing proposition that the pleasure experienced in response to music is related to the emotional arousal felt in response to music. This finding is highly consistent with brain imaging studies that have shown activity in regions implicated in both emotion and pleasure when individuals listen to music (for a review, see Koelsch, 2011; Zald & Zatorre, 2011) , discussed in the next section.
The Link Between Emotion and Pleasure: Brain Imaging Studies
The next question we address is how can emotional arousal link to pleasure. To answer this question, a more in-depth look at physiological responses is required, and for this we turn to the brain. Advances in neuroimaging over the past two decades have allowed for examinations of how music impacts the brain. The first study of this kind was conducted in 1999 on a positron emission tomography (PET) scanner (Blood et al., 1999) , which can be used to provide a measure of changes in regional cerebral blood flow (rCBF). Blood and colleagues examined changes in neural activity of 10 participants in response to six versions of a piece of music with systematically varying degrees of dissonance. A parametric analysis revealed that increases in consonance and experienced pleasantness were associated with rCBF changes in the OFC, increases in dissonance and experienced unpleasantness were associated with rCBF changes in parahippocampal cortical regions. This study provided the first evidence that listening to music recruits emotionally relevant brain regions. But it also showed involvement of distributed circuits in cortical areas, implying that quite complex cognitive systems might also be at play, together with the more fundamental reward-related system. The OFC is a multifunctional region of the brain that has also been implicated in processing many other types of aesthetic stimuli as well. However, this region is not specific to aesthetic processing, but more involved in tasks that require reflection and decision-making based on internal states with inputs from the five major sensory pathways (Kringelbach, 2005; Wallis, 2007) . More generally, this area has been demonstrated to appraise the quality of objects by integrating various sources of sensory and cognitive information (Kringelbach, 2005; Wallis, 2007) .
Additional evidence for the role of OFC in processing pleasurable music came from a second study from Zatorre's lab, which examined neural activity in response to pleasant music (Blood & Zatorre, 2001) . Using PET imaging, Blood and Zatorre found that activity in the OFC, along with other regions, was elicited by listening to highly emotional (chill-inducing) self-selected music, contrasted against other participants' music. More importantly, this study also revealed activity in the mesolimbic reward regions of the brain, specifically in the NAcc, during emotional responses to music. As outlined in Figure 1 , this area of the mesolimbic striatum is a major site for dopaminergic output from the ventral tegmental area (VTA). Dopaminergic activity in this site has been linked to highly addictive psychoactive chemical substances, such as cocaine (Cox et al., 2009) , amphetamines (Leyton et al., 2002) , alcohol (Boileau et al., 2003) , and nicotine (Di Chiara & Imperato, 1988) , as well as to highly emotional rewards, such as winning money unexpectedly (Pappata et al., 2002) or through videogames (Koepp et al., 1998) . Some argue that this is the "emotional" part of the striatum (Breiter et al., 1997; Haber & Knutson, 2010) . This is likely a result of the NAcc's highly intricate connections with other parts of the limbic system (see Figure 2) . This anatomical section of the striatum is considered to be a part of the "limbic loop" (Heimer, 1978) based on its connectivity. The NAcc is intricately connected to the amygdala, hippocampus, and hypothalamus (Haber & Knutson, 2010) . Subsequent studies of processing pleasant music confirmed activity in the NAcc when individuals listened to pleasant music compared with silence (Brown, Martinez, & Parsons, 2004) , scrambled music (Menon & Levitin, 2005) , dissonant music , and "neutral" music (Mitterschiffthaler, Fu, Dalton, Andrew, & Williams, 2007) . A recent study examining more complex emotions with fMRI also revealed NAcc activity in correspondence with parametric increases in ratings of pleasant emotion categories, such as Joy and Wonder (Trost et al., 2011) .
With additional studies on music and emotion, more patterns in brain activity were revealed. Koelsch et al. (2006) manipulated the consonance of a piece of music, and asking participants to rate how they were feeling after hearing each piece of music. This paradigm was similar to Blood et al.'s (1999) study, but using fMRI, which estimates involvement of neural regions by examining changes in blood oxygenation level while participants are performing a task compared to control conditions (Huettel, Song, & McCarthy, 2009 ). Koelsch and colleagues contrasted neural activity associated with listening to classical music excerpts with their dissonant counterparts, otherwise maintaining the structure of the pieces. Their results revealed increases in blood-oxygen level dependent (BOLD) signal in the ventral striatum (including the NAcc) and anterior insula when participants listened to pleasant music and BOLD increases in the amygdala, hippocampus, and parahippocampal gyrus, and temporal poles while participants listened to dissonant pieces. This study supported Blood et al.'s finding of amygdala and parahippocampal activity in response to unpleasant music. Additional support for parahippocampal involvement with unpleasant music comes from lesion studies which reveal that when patients have damage to this region and surrounding temporal areas they demonstrate diminished emotional sensitivity to dissonant music (Gosselin et al., 2006; Khalfa et al., 2008) . Koelsch suggests that these regions may be involved in processing acoustic roughness and decoding affective content of vocal signals (Koelsch, 2010) . However, it should be noted that another study by Mitterschiffthaler and colleagues has found activity in this region during processing of happy music (Mitterschiffthaler et al., 2007) .
The finding that amygdala was involved in processing unpleasant music is also notable as this region also showed increased activity in response to sad states induced by music (Mitterschiffthaler et al., 2007) , and conversely revealed decreased activity in response to pleasant music in Blood and Zatorre's study (2001) . Similarly, a study by Baumgartner et al. (2006) found that activity in the amygdala was enhanced when photographs were paired with fearful and sad music, and Lerner et al. (2009) found increased amygdala activity when participants listened to fearful music with their eyes closed. Lesion studies examining emotional recognition of patients with amygdala damage also found impaired recognition of scary, fearful, and sad music (Gosselin, Peretz, Johnsen, & Adolphs, 2007; Gosselin et al., 2005) . The amygdala has been demonstrated to be involved in a number of other nonmusical studies involving unpleasant emotional stimuli (Lang, Davis, & Ohman, 2000) and implicated in mood, anxiety, and posttraumatic stress disorders (Drevets et al., 2002; Stein, Simmons, Feinstein, & Paulus, 2007) , making it tempting to conclude that it may be involved in processing negative emotions. However, this region has also been implicated in experiencing positive emotions (Sergerie, Chochol, & Armony, 2008 ). Indeed, a study similar to Baumgartner's found amygdala activity increases in response to joyful music presented along with neutral film clips (Eldar et al., 2007) . It is currently believed that the amygdala plays a more general role in arousal and assessing the significance of emotional stimuli (Murray & Wise, 2010; O'Doherty, 2004) . As the amygdala is composed of several different nuclei, it is also possible that anatomically distinct subregions may play different roles under different circumstances via differential functional connectivity to various regions in the brain (Ball et al., 2007; Koelsch, 2010) . The amygdala may therefore contribute to different emotional networks.
Three other regions that tend to show up consistently in music processing are the hypothalamus (Menon & Levitin, 2005) , insula (Blood & Zatorre, 2001; Brown et al., 2004; Koelsch et al., 2006; Menon & Levitin, 2005; Mitterschiffthaler et al., 2007; Trost et al., 2011) , and the anterior cingulate cortex (Blood & Zatorre, 2001; Brown et al., 2004; Mitterschiffthaler et al., 2007) . All three regions have been implicated in controlling ANS arousal (Cacioppo et al., 2007; Critchley, 2005; Critchley, Corfield, Chandler, Mathias, & Dolan, 2000) and have direct connections to the mesolimbic reward areas of the brain (Haber & Knutson, 2010) .
The ACC is also thought to play a critical role in reward processing as it provides a major cortical input into the mesolimbic striatum (Haber & Knutson, 2010) , and is a critical region for updating cognitive decisions with respect to internal emotional cues (Critchley, 2005) . Anatomically, the ACC has bidirectional connections with the insula, an area responsible for integrating visceral emotional-related and interoceptive information, and together they modulate many autonomic nervous system functions underlying emotional arousal (Bechara & Damasio, 2005; Critchley, 2005) . A recent meta-analysis of 93 articles examining the neuroimaging of aesthetic processing found that the insula was the most commonly activated region during processing of aesthetic stimuli across modalities (Brown et al., 2011) . Although the insula has traditionally been associated with negatively valenced emotions, such as disgust and pain (Liotti et al., 2000) , it was the most concordant area involved in making positively valenced aesthetic appraisals (Brown et al., 2011) . Perhaps the insula, similar to the amygdala, may be involved in emotional arousal and salience. The hypothalamus is another region that is involved in ANS function (Cacioppo et al., 2007; Critchley, 2005) . Moreover, the hypothalamus, ACC, and insula have direct connections to the mesolimbic reward areas of the brain (Haber & Knutson, 2010) . This connectivity is particularly relevant for music listening, which is thought to be rewarding because of its ability to enhance emotional arousal, corroborated by evidence for a direct link between autonomic nervous system arousal and subjective reports of pleasure (Salimpoor et al., 2009) . Indeed, at least one study has reported evidence for functional connectivity between the NAcc and hypothalamus when individuals listen to music (Menon & Levitin, 2005) .
Another region that consistently shows increased activity in response to music is the hippocampus. It is well established that this region plays a role in formation and retrieval of memories (Henke, 2010; Szapiro et al., 2002) . Thus, hippocampal activity in response to music should not be surprising, as music has privileged access to memory. People often experience a rush of emotional memories while listening to a piece of music from their past (Barrett et al., 2010; Janata, 2009; Janata, Tomic, & Rakowski, 2007; Jäncke, 2008) . However, understanding the precise contributions of the hippocampus to emotional responses may provide a more difficult challenge. For example, it may be challenging to find musical stimuli with which all participants are equally familiar, which could result in differential hippocampal activity. Nonetheless, there is little question that the hippocampus plays a pivotal role in music processing. Finally, the precise role of the nearby temporal poles in processing music is not entirely clear. found increased activity in this region in response to unpleasant music, Baumgartner et al. (2006) found activity in this region during presentation of fearful and sad music in combination with similarly valenced photographs, and Brown et al. (2004) found activity in this region in response to listening to pleasant music compared with rest.
It is important to note that many of the regions listed above are not specific to processing emotional music and are involved in a number of processes that may be tangential to experiencing emotions in music. For example, although insula activity is widely observed in music studies, activity in this region has been demonstrated when there are physiological increases in heart rate and blood pressure (Critchley, 2005; Critchley et al., 2000) , making it difficult to determine whether this activity in this region is directly involved in music processing or merely a byproduct of emotional arousal. As such, there are a number of important issues to consider when evaluating brain imaging studies with musical stimuli. First, listening to music involves many different processes, ranging from detecting changes in beat, pitch, rhythm, and music structure, to the experience of emotional responses, visual imagery, and previous memories associated with music. Therefore, it is not always possible to claim that observed brain activity is in response to "emotion" per se, and not one of the other processes involved. This consideration applies in particular to studies that compare neural activity induced by music with nonspecific control conditions (Brown et al., 2004; Menon & Levitin, 2005) .
A second challenge relates to individual differences in music preferences. As previously discussed, it is challenging to reliably induce a feeling in all participants using experimenter-selected music. To make inferences about neural correlates of specific emotions or pleasurable responses, it is important to ensure that participants did indeed experience the intended emotion. Menon and Levitin (2005) compared neural activity associated with listening to musical selections with their less-recognizable scrambled counterparts. Although it is likely that participants found the scrambled stimuli "unpleasant" to listen to, there was no direct measure to assess whether individuals found the unscrambled counterparts "pleasant," making it difficult to draw conclusions about how rewarding the pleasant music was to the participants. Other studies took this issue into consideration by asking participants to rate how they were feeling either during or immediately after hearing each piece of music Mitterschiffthaler et al., 2007) .
A third issue is the degree to which individuals can accurately rate their subjective emotional states. For example, some participants may rate their mood as "happy" because they recognize that the music they listen to is joyful-sounding and intended to make them feel that way. The abstract and subjective nature of emotional responses proposes a challenge in measuring and comparing responses across individuals. One method to improve objective detection of emotional arousal is to incorporate psychophysiological measures of ANS activity during music listening (Blood & Zatorre, 2001; Salimpoor, Benovoy, Larcher, Dagher, & Zatorre, 2011) . As described above, psychophysiological measures cannot reliably distinguish various emotional states, but have demonstrated to be effective in detecting emotional arousal (Cacioppo et al., 2007) .
Despite the challenges associated with examining responses to music, imaging studies collectively demonstrate that emotional regions in the brain are involved in processing music that individuals find pleasurable, further strengthening the link between emotion and pleasure in response to music. Moreover, these studies suggest that cortical processes are also involved and that higherorder cognitive mechanisms are implicated in appreciating music. The interaction of higher-order cortical regions and subcortical regions may be what is giving rise to pleasurable responses to music. Importantly, nearly all studies on pleasurable music also showed some degree of activity in the dopaminergic mesolimbic striatal regions, particularly the NAcc, suggesting that a dopaminergic response may play a critical role in mediating the positive responses to music. Nonetheless, the fMRI and PET methods used in these studies rely on hemodynamic activity and do not allow us to draw conclusions about whether dopamine is involved in these processes and precisely how emotions can be linked to pleasure.
Sex, Drugs, and Rock 'n Roll: Dopamine Is the Common Bond
The idea that the rewarding responses to music may be tapping into the dopaminergic reinforcement circuitry in the brain is not a new one, as suggested by the popular saying "sex, drugs, and rock and roll." The dopaminergic systems initially evolved presumably to give an organism a sense of pleasure or reward and thereby reinforce adaptive behaviors. Yet, through a man-made twist in evolution, humans learned to stimulate this system through other means more potently and efficiently. Many natural and synthetic drugs of abuse (e.g., cocaine and amphetamines) specifically target this system, increasing dopamine to create feelings of intense euphoria. Not surprisingly, these drugs are highly addictive. The possibility that an aesthetic stimulus such as music may be naturally targeting this system has important implications for understanding why music gives such pleasure.
One technique that allows measurement of dopamine release in the brain is ligand-based PET. A radioligand that binds with dopamine receptors (e.g., raclopride) is labeled with a radioactive isotope (i.e., carbon 11) and injected into the bloodstream during experimental and control conditions. If one condition involves greater release of dopamine, the dopamine receptors in the brain will be occupied and [11C]raclopride will not bind to them as much (Farde et al., 1992; Volkow et al., 1994) . Alternatively, if dopamine was not released, [11C]raclopride will bind more to the receptors. The location of the binding can be measured as the unstable isotope of carbon-11 releases positrons, whose presence can in turn be detected indirectly by the scanner. Images are then created that show the location of [11C]raclopride binding differences across the two conditions (Laruelle, 2000) . It should be noted that raclopride binds with striatal dopamine receptors only, and does not provide information about dopaminergic binding in the cortex. Other radioligands, such as fallypride, can be used for this purpose. Furthermore, this procedure has fairly poor temporal resolution (ranging from several minutes to an hour, depending on the frequency and amount of raclopride injection). For the sake of comparison, fMRI can provide information about hemodynamic responses on the order of seconds.
We used [11C] raclopride PET to determine whether dopamine is released during intensely pleasurable responses to music, and to investigate the links between peak emotional moments and pleasure (Salimpoor et al., 2011) . We used the "chills response" as an objective indicator of peak emotional responses: participants were asked to bring in music that they found intensely emotional, and to which they experience chills during the peak moments of emotion. The control technique introduced by Blood and Zatorre (2001) was used, where each individual rated other participants' music and the excerpts they found "neutral" were used as their control. This procedure ensures that each piece of music is used once as an experimental stimulus and again as a control stimulus, to balance any neural activity specific to acoustical differences among stimuli. Emotional arousal was further assessed through psychophysiological measurements of heart rate, respiration, blood volume pulse amplitude, electrodetermal response, and temperature. Participants listened to their self-selected highly emotional (chillinducing) music during the 60-min PET scan one day, and "neutral" music (other participant's chill-inducing music) the other day, counterbalancing the order. Physiological measures and behavioral responses confirmed a clear distinction in emotional arousal as indicated by ANS activity on the day participants listened to chill-inducing music.
The PET results provided the first direct evidence that listening to highly emotional music can lead to dopamine release in the mesolimbic striatal areas. Dopamine binding was found in both the dorsal and ventral striatum. The degree of dopamine binding was compared with participant ratings during scanning and revealed that dopamine release in the NAcc was positively correlated with emotional arousal (i.e., intensity of the chills response), and dopamine release in the caudate was positively correlated with the number of chills experienced. These findings suggest that an aesthetic stimulus, such as music, can naturally target the dopaminergic systems of the brain that are typically involved in highly reinforcing and addictive behaviors.
We now have evidence that intense emotions can lead to dopamine release, but the mechanism through which this happens is not clear. Importantly, dopamine is believed to be involved in anticipation of a reward, when a desired item is craved (Leyton, Casey, Delaney, Kolivakis, & Benkelfat, 2005; Volkow et al., 2002; Volkow et al., 2006; Wong et al., 2006) , which in this case would represent the time preceding the maximum emotional peak. The ligand-based PET technique described above provides an overall estimate of where dopamine was released in the brain over the course of the listening session but does not provide sufficient temporal information about when dopamine was released.
Fortunately, because emotional responses to music happen over time as the sound events are unfolding, we can examine neural activity changes in the temporal dimension. We can turn to fMRI to gain temporal sensitivity. Each participant from the PET study participated in an additional fMRI session while listening to the same music, and asked to indicate when they experienced their peak pleasure moment (chills). An "anticipation" period was defined immediately preceding chills. This was based on psychophysiological measurements from our previous study, which revealed that approximately 15 seconds preceding the chills moment ANS activity shows significant differences in most participants (Salimpoor et al., 2009 ). Maps of hemodynamic activity corresponding to the "anticipation" phase and "chills" phase were overlayed on areas that were previously shown to release dopamine via the PET study (Salimpoor et al., 2011) . It should be noted that although fMRI and [11C]raclopride PET measure different responses in the brain (hemodynamic and neurochemical, respectively), there is evidence for a relationship between the signals provided by the two measures (Knutson & Gibbs, 2007; Schott et al., 2008) , although this relationship is complex. The results revealed that it was specifically during the chills moments that individuals released dopamine in the NAcc.
The results of the combined PET/fMRI study revealed another interesting finding: there was also dopamine release during the anticipation phase, in a separate anatomical region: the caudate nucleus. As such, it is not just during the peak emotional moments that dopamine is released, but also their anticipation. This is an important finding as it suggests that anticipating an abstract aesthetic stimulus can also target this system. Importantly, the caudate is a part of the "associative loop" (Alexander, Crutcher, & De Long, 1990; Parent & Hazrati, 1995) and has intricate connections with a number of cortical regions including the dorsolateral prefrontal cortices (Haber & Knutson, 2010) , involved in temporal sequencing, planning ahead, creating expectations, anticipating outcomes, and planning movement toward the reward (Stuss & Knight, 2002) . These cognitive processes are highly significant during musical processing, and it would be consistent that striatal circuits would provide a mechanism for the temporal nuances that give rise to feelings of anticipation and craving, reinforced by dopamine release in the caudate. Unlike many other rewards, the consummatory phase of music does not involve a concrete object, but an abstract experience. Consistently, the principal affective impact of music is thought by many music theorists to be elicited via the creation of expectancies through temporally rooted phenomena, such as delay, anticipation, and surprise (Cooper & Meyer, 1960; Huron, 2006; Lerdahl & Jackenodoff, 1977; Meyer, 1956) .
Additional support implicating the caudate in anticipation comes from other studies that suggest that dorsal striatum may play a role in anticipating desirable stimuli, when the behavior is habitual and expected (Belin & Everitt, 2008; Boileau et al., 2006; Wong et al., 2006) . In this way, the signals that predict the onset of a desirable event can become reinforcing per se. In the case of music, this may include a sound sequence that signals the onset of the highly desirable part of the music. Previously neutral stimuli may become conditioned to serve as a cue signaling the onset of the rewarding sequence. The dorsal striatum has also been implicated in processing syntactically unexpected events during music (Koelsch et al., 2008; Tillmann, Janata, & Bharucha, 2003) , further suggesting that it might be involved in keeping track of temporal unfolding of sounds events. It is important to note however that the NAcc has also been demonstrated to play a role in anticipation with other types of stimuli, such as monetary rewards (Knutson, Adams, Fong, & Hommer, 2001; Knutson & Cooper, 2005) . The functional roles of these structures are therefore not simply attributable to any one dimension but rather are dynamically altered as a function of a variety of factors, not all of which have yet been identified.
The findings from our study applied to previous theories of music and emotion (Huron, 2006; Meyer, 1956) suggest that as individuals listen along with music, temporally mediated patterns of sound are recognized and expectations are created, which then lead to predictions and a sense of anticipation. Empirical evidence for formation of expectations comes from reaction time (RT) studies showing that when listeners are asked to indicate whether pitches of a melody go up or down, they are faster to respond when the melodic contours conform to their expectations (Aarden, 2002; Margulis & Levine, 2006) . Similar results were found with studies that examined expectations implicitly and through priming paradigms (Bharucha & Stoeckig, 1986; Bigand & Pineau, 1997; Tillmann, Bigand, & Pineau, 1998) . Finally, changes in psychophysiological responses such as electrodermal activity and heart rate have been detected at moments that were harmonically unexpected (Stenibis, Koelsch, & Sloboda, 2006) . These results provide strong evidence that people form continuous expectations of how the next sound will unfold before it is heard. It is therefore believed that these expectations form the underlying basis of emotional responses to music (Huron, 2006; Meyer, 1956) .
Generally speaking, the ability to identify patterns and make predictions about reward-related phenomenon in the environment has high adaptive value. Humans, in particular, would be expected to make more complex predictions as a result of more advanced cognitive abilities (Suddendorf, 2006) . These would be largely expected to depend critically upon the highly evolved prefrontal cortices, with tight connections to the lower-order mesolimbic regions responsible for anticipation or perhaps craving of a reward. It is likely that once these anticipations are met (e.g., the listener feels a sense of fulfillment after hearing the sound events they expected or craved), dopamine is released in the NAcc via dopaminergic pathways from the ventral tegmental area (see Figure 1) , which is specifically thought to be involved in prediction errors (Schultz et al., 1997; Hollerman & Schultz, 1998; Bayer & Glimcher, 2005) . When an organism makes a correct prediction about its environment, the confirmation of that expectation results in zero prediction error. If the organism gets something better than expected, there will be a positive prediction error, and if it gets something less desirable than expected, there will be a negative prediction-error (Schultz, Dayan, & Montague, 1997; Sutton & Barto, 1998) . It has been well-established that positive prediction errors can be measured in the NAcc (McClure, Berns, & Montague, 2003; O'Doherty, 2004; Pessiglione, Seymour, Flandin, Dolan, & Frith, 2006) , where positive prediction-errors lead to an increase in dopamine release and negative prediction-errors inhibit dopamine release. This is ultimately thought to serve as a learning signal. This theory can further apply to the temporal expectations created during music listening. Listening to music involves tracking a series of sound events over time. As humans are experts in pattern recognition, constant predictions would be formed, creating a sense of anticipation, which can then lead to emotional arousal. This in turn can be followed with prediction confirmation and a sense of completion. These ideas are well known to composers who attempt to enhance emotional arousal through delayed gratification. Furthermore, predictions may be created on a microlevel, involving note-to-note and phrase-tophrase expectations, and also on a macrolevel, involving entire sections.
The Source of Anticipation in Music
If anticipation gives rise to emotional arousal while listening to music, what is the source of this anticipation? Is it the case that when people are explicitly familiar with a piece of music, that they know exactly when the peak pleasure moments are approaching (and perhaps even anticipating the pleasurable chills response)? Or is the anticipation rooted in a more implicit understanding of the schematic rules of how musical sounds within a given culture are organized, based on many years of auditory experience? Jamshed Bharucha applied the terms veridical and schematic to describe these forms of anticipation, respectively (Bharucha, 1994) . According to Bhuracha, veridical expectations rely on knowledge of how a particular, known musical work unfolds. Schematic expectations rely on knowledge of how music in general unfolds or "musical syntax." Importantly, these two forms of expectations are not mutually exclusive but omnipresent during listening to familiar pieces. Huron (2006) suggests schematic expectancies are based on statistical learning (Aslin, Saffran, & Newport, 1998; Saffran, Newport, Aslin, Tunick, & Barruecco, 1997) , or patterns that we have become accustomed to because of their frequent contingent occurrence. In a series of studies, Saffran and colleagues demonstrated that infants form expectations of linguistic parings based on the likelihood of their co-occurrence, that is, their transitional probabilities. A number of other similar studies have also confirmed that older children and adults possess statistical learning abilities that proceed automatically as a byproduct of mere exposure. Saffran and colleagues have further demonstrated similar results with nonlinguistic musical sounds, where exposure to tonal patterns influenced subsequent expectations (Saffran, Johnson, Aslin, & Newport, 1999) . Infants heard a string of tones consisting of six three-note 'figures', which were played consecutively such that infants heard a steady stream of pitches with no grouping cues to indicate that the sequences had been constructed out of threenote figures. Using a head-turning paradigm, the researchers then demonstrated that the infants had abstracted the three-note figures, based on their co-occurrence.
The concept of statistical learning has been carried forward to postulate that exposure to a certain repertoire of sound sequences throughout an individual's life can shape their expectations based on how statistically likely it is that one sound will follow another (Huron, 2006) . It would follow that expectations will largely depend on the music people have heard throughout their lives, and perhaps other sounds, such as languages they speak or have been exposed to. This can explain why many individuals are likely to appreciate music from their own cul-ture and may have difficulty predicting the direction of music from other cultures (Grewe et al., 2007a) . However, once we gain some exposure to a piece of music, the predictive factor becomes more enhanced, which has the potential to make that piece even more rewarding. On the other hand, when the outcome of an event becomes too predictable, there is no longer an increase in dopamine release (Schultz, 1998) , which may also explain why music that is heard frequently, or is too simple and excessively predictable to begin with, may not be as pleasurable. Predictability is also expected to occur on multiple levels or layers of the musical structure (Bharucha & Stoeckig, 1986; Meyer, 1956; Sloboda, 1985) , involving interplay between prediction of local events and global structure.
These ideas begin to decipher the underlying reasons why different individuals appreciate different types of music. Each individual has their own unique set of musical schematic templates, depending on the musical sounds they have previously been exposed to throughout their lives. These schemas could then impact their temporal expectations when listening to music and ultimately influence their appreciation of the music. This proposition would also explain why there are generational similarities in music preferences among those who were exposed to the same types of music in their youth.
Summary and Conclusion
The findings presented in this review suggest that multiple regions in the brain are involved in processing music, including subcortical regions involved in emotion and reward processing that we share with other animals, and more advanced cortical regions that are implicated in complex cognitive function. The precise nature of how these systems interact remains to be determined and may reveal why humans are capable of appreciating abstract rewards, such as those relating to aesthetic stimuli. It is likely that pattern recognition and temporal expectations may play a critical role in this process. The manner in which such expectations interact with sensory and affective processes to give rise to complex forms of pleasure in a topic for future study.
By examining the neuroscientific literature on why music might be pleasurable for humans, we gain insight into how aesthetic rewards may be appreciated in the brain. There seems to be no "aesthetic center" in the brain. Rather, the processes of aesthetic appreciation seem to be reliant on a number of complex cognitive abilities of temporal and spatial pattern recognition that humans may be uniquely capable of, integrating closely with the sensory, emotion, and reward regions of the brain. What is of particular significance is the individual differences with which aesthetic rewards are appreciated, suggesting a strong top-down or cortical influence, rather than a strictly bottom-up or stimulus-reliant influence. This further suggests that all previous experiences that shape our cortical make-up can potentially influence how we perceive and interpret aesthetic stimuli. A coherent network that allows for tight communication between sensory, emotional, and cognitive regions may underlie the appreciation of aesthetic rewards.
